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Outline
Conventional circuit modeling of magnetics
Impedance measurements for inductors and transformer
Advanced modeling including:

nonlinear core loss
winding proximity loss
saturating cores
varying leakage inductance
multiple resonances

Final Spice model and simplifications
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The Ideal Transformer
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This is what is on your CAD schematic.
Can be put into Spice but will miss almost every detail of using 
magnetics in your circuit. 



Magnetizing Inductance
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Extra current flows through magnetizing inductance
This needs to be reset and can cause saturation



B-H Loop and Core Losses
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Winding Resistances
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Most of us don’t use superconductors, and copper definitely doesn’t follow 
Moore’s Law.
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Leakage Inductance
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Leakage determined by separation 
of primary and secondary windings
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Capacitances
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Winding capacitances are in the order of 1 pF to several 100 pF
Very significant effect on EMI and resonances
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Measuring Impedances
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Making impedance measurements was standard practice in the early
days of 50/60 Hz magnetics – what happened when we went to high frequency?
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Measuring Impedances
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Inductances
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Extending the Conventional Model - Saturating Core
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Core Losses
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Vorperian’s Fractal Core Loss Circuit
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Proximity Losses Can Be Predicted Before Winding
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Effect of Proximity on Leakage Inductance
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Additional Resonant Capacitances
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Additional Common-Mode Capacitances
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The Complete Model
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A two-winding transformer is represented by a 25+ order network!

© 2016 Ridley Engineering Inc 19



Reduced Transformer Model – No Common-Mode Capacitors
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Predicting common-mode EMI is not going to happen in Spice (or any other program)
Delete the common-mode capacitances from the model
If saturation is avoided, we have a linear model!
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Inductor Model
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An inductor is represented by a 10+ order network!



Magnetics Modeling Summary
New model will predict:

Core loss Proximity loss Resonant dips (low impedance)
Varying leakage Saturation

Off-the-shelf or custom inductor vendors please give us:
Impedance plots from 10 Hz to >10 MHz
AC winding resistance vs frequency plot
Core material or standardized loss parameters
New Spice model?

Off-the-shelf or custom transformer vendors please give us:
Open circuit impedance plots from 10 Hz to >10 MHz
Short-circuit impedance plots from 10 Hz to >10 MHz
AC winding resistance vs frequency plots
Core material or standardized loss parameters
Bulk common-mode capacitance
New Spice model?
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